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CASE STUDY OF ANNOYING VIBRATIONS GENERATED BY UNBALANCED
FORCES OF AN OFFSET PRINTING PRESS
Ion Vlad
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Engineering and Vibrations within
T.U.C.E. Bucharest, 020396 Romania

Mirela - Nausica Vlad
Romanian National Center for Earthquake
Engineering and Vibrations within
T.U.C.E. Bucharest, 020396 Romania

ABSTRACT
In the design of machine foundations or other dynamically loaded foundations, successive corrections are used to reach the final
physical system. The end product of the design procedure is the determination of a foundation – soil system which satisfactorily
supports equipment or machinery. A special situation is that when the manufacturers of the machinery don’t recognize, or are
unwilling to acknowledge, the unbalanced forces which are produced by their machine. Another situation, directly related to the
above mentioned one, consists of the acquisition of second – hand equipment. This is the situation which has been often encountered
in Romania in the last fifteen years due to the poor economical situation of the country and to the appearance of various private
companies which could not afford new equipment. The paper presents such a situation, when the owner has acquisitioned a secondhand offset printing press and didn’t know whom to blame for the unsatisfactory performance of his facility, together with the entire
process of investigations carried out. The investigation established which part of the facility was responsible for the annoying
vibrations, at which speed these vibrations became excessive, and which were the proposed solutions for avoiding the vibration
problems.
INTRODUCTION
The object of this paper is the study of vibrations generated by
the malfunctioning of an old pressline system, ROTOMAN
type. This system has been regarded as an all-round press for
years: “a machine concept that follows the trend to
progressively shorter print runs as it suits the growing
demands for topicality while ensuring efficiency and
productivity of even extremely long runs”.
The ROTOMAN pressline has a tradition dating back to the
early 1990’s using a system concept so extraordinarily futureoriented for its time and including so high a proportion of
automation modules that the manufacturer fittingly added
“2000” to the ROTOMAN product name.
The European powerful enterprises, focused on graphic arts
industry, having as objective to maintain their position and
further strengthen competitiveness in national and
international market, started from mid-2005 to replace
stepwise the old offset printing presses ROTOMAN 2000 with
the latest generation of pressline systems. Cost pressure in the
market has been the main reason for the new investments.
Many of these out of date old ROTOMAN 2000 presslines
were sold and were installed in different countries, among
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them being Romania. On August 10, 2006, a ROTOMAN
pressline was installed in a steel industrial building in
Romania, whose functioning at high speeds generated
undesirable vibrations. This was the moment when the
Romanian National Center for Earthquake Engineering and
Vibrations (R.N.C.E.E.V.), within the Technical University of
Civil Engineering Bucharest (T.U.C.E.B.), was employed to
solve the problem. Firstly, the owner complained to the
authors of this paper that the pressline could not be run up to
the design speed without tearing the paper, as it ran through
the press. Secondly, the owner also complained that at high
speeds of operation annoying vibrations are generated and are
transmitted to the floor and to the entire industrial building.
Sorting out the source of vibration and correcting the
malfunctioning is not always a straightforward process. It is
this particular situation which occurred in the case of
excessive vibrations of the offset printing press and brought
the authors into contact with this category of problems
described by the owner as a “problem generated by the
vibrations of the foundation” at high values of the printing
speed. Generally, since the equipment foundations are out-ofsight, they are often out-of-mind during the design process,
and are often targets of blame when things go wrong. This fact
is particularly true for foundations subjected to dynamic forces.
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Seldom do structural engineers analyze machine foundations
or other foundations for dynamic loads, even when these loads
are expected. As a consequence of this oversight, most
foundation dynamics problems arise “after the fact”, when
they are most difficult to correct. The foundation is also often
blamed when things go wrong, simply because it is relatively
inaccessible and less well understood (Woods, 1987).
Manufacturers of machinery often do not recognize, or are
unwilling to acknowledge unbalanced forces which are
produced by their machines. The seller which sells second
hand machines is always interested in hiding all shortcomings
of the equipment that he intends to trade.
The manufacturers of the offset printing presses didn’t provide
to the designer of the foundation any dynamic unbalanced
forces for its design process. Sometimes the manufacturer
simply said there were no unbalanced forces. These large,
high-speed printing presses are actually long, high structural
frames with non-uniformly distributed mass and unbalanced
forces at various heights in the short axis direction (transversal
direction) (Woods, 1987).
SHORT
PRESENTATION
OF
THE
“FOUNDATION – OFFSET PRINTING PRESS”

SYSTEM

In Photo 1÷Photo 4 are presented some images of the printing
press. The machine is actually long (L = 33.20m) and
supported on a mat foundation (Fig.1). The width of the mat
foundation is only slightly wider than the press itself (2.80 m)
and the overall length to width ratio of the pressline is of the
order 12:1. The press is made up of a number of operational
units in a longitudinal arrangement. At intervals along the
pressline there are folders servicing units from two directions.
The proportion between the weight of the printing press and
the weight of the mat foundation is of the order 1:1.50.

Photo 1. General view of the printing press.
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Photo 2. ROTOMAN 2000 printing press.

Photo 3. Image during the instrumental investigation

Photo 4. Detail of the printing press
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Fig. 1. Overall layout of the industrial building containing the printing press mat foundation (the red outline)
In Fig. 2 is presented the cross section of the mat foundation
of the printing press.
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•

between -0.50 ÷ -2.80m (F1), respectively -0.60 ÷ -2.60m
(F2), a clay layer, redish brown, tufty aspect, firm to hard
(horizon “B” clay);
between -2.80 ÷ -4.70m (F1), respectively -2.60 ÷ -5.20m
(F2) silty-clay interbeddings were present, loessoid, redishbrown, firm, with disseminated limestone and calcareous
concretions (horizon “C” clay); these belong to moisture
sensitive soils, classification “A” (don’t collapse under self
weight on moisture); bellow -3,80m, this layer is very rich
in calcareous concretions;
between -4.70 ÷ -6.00m (F1), respectively -5.20 ÷ - 6.0m
(F2) a layer of silty clay to clayey silt was found, sandy,
with rare small gravel, yellowish brown, soft to firm.

This last layer forms the transition to sand – gravel basement.
Hydrostatic level can be found at -6.5m depth, with variation
possibilities of ± 1.00m, depending on rainfall conditions.

Fig. 2. Cross-section of the mat foundation
SITE CONDITIONS
Geologically, the location is a part of an area associated with a
Pleistocene basement consisting of sand and gravel (so called
Colentia Complex), on top of which are sedimented
Quaternary clay and silt, 6 to 8 meters thick. Macroporous
interbeddings, moisture sensitive are included in these
deposits, as well. Lithology and foundation environment
determination was based on two wells, 4” diameter and 6m
depth. Stratification found as follows:
• from the surface to -0.50m (F1), respectively -0.60m (F2),
vegetal soil, with local paddings (F1 well);
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MAIN OBJECTIVES
The company “MEGAPRESS HOLDING”, in its quality of
publisher, has installed in 2006 a second-hand “ROTOMAN
2000” printing press. The technical staff of the publisher has
learned during the nine months of service how to operate the
press. Also, as the staff became more familiar with the press
tried to increase its speed of operation. When the speeds of
operation increased above 40 KIPH rate, some undesirable
transverse vibrations began to occur. The publisher contacted
the manufacturer and has learned that the press should be able
to operate satisfactorily only up to 55 KIPH. In this situation,
the publisher tried to determine on its own what was wrong
that caused such vibrations and contacted R.N.C.E.E.V. for
solving the problem.
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The authors of this paper learned that the press mat foundation
was designed only for vertical static loads, and after studying a
geotechnical report made on the site decided to perform a
complex program of instrumental investigations. The main
objectives of the instrumental data acquisition had in mind the
following aspects:
• establishing of eigen dynamic characteristics of the mat
foundation (eigenfrequencies, damping), when the printing
press doesn’t operate, considering as action microtremors,
together with ambient vibrations (possibly due to other local
sources);
• establishing of the functioning characteristics for the
printing press at different speeds, in order to detect the
speed at which the excessive vibrations occur;
• identifying of the dynamic characteristics of the foundation
response for the following stages of operation: starting
moment, functioning at different speeds, and stopping
moment;
• clarifying the technical causes of excessive vibrations,
generated by the functioning of the printing press;
• recommending the most appropriate solutions for avoiding
the occurred vibration problem.
METHODOLOGY ADOPTED FOR DATA ACQUISITION
The acquisition of the instrumental data was achieved with
highly sensitive modern equipment, consisting of twelve SS-1
Ranger seismometers, widely recognized as excellent shortperiod field instruments and VSS-3000, a fully portable
acquisition system designed for ambient and forced vibration
field measurements (KINEMETRICS). The first step when
performing experimental investigations is to select the
locations where motion will be recorded. The number of
measuring points will depend on the type and complexity of
the experiment and on the type of the structure.
With the complete cooperation of the publisher, the authors of
this paper recorded the motion of the press line. Some
measurements were made with the press running during the
printing of the papers, some were made with the press running
idle (with no paper), and some were made with the press at
rest.

all the instrumented locations there were measured velocities,
on both horizontal directions (transversal – “T”; longitudinal –
“L”) and on the vertical axis (“V”).

Fig. 3. Location of sensors.
The signal analysis was carried out with the DASYLab 5.5
program, the following typical types of analysis having been
carried out:
• numerical integration in time domain, obtaining in this
manner from the basic signal (velocities) the vibration
displacements;
• Fast Fourier Transform (FFT) of the real signal, both for
velocities and displacements (Fourier Amplitude Spectra);
• auto-correlation functions (cross-correlation of an input
signal with itself), by means of which it is possible to
detect an inherent periodicity in the signal itself and to
determine the damping ratio;
• calculation of maximum displacement values at the top of
the mat foundation of the printing press.
The time domain representations (velocities and displacements)
were performed in view of getting an overall image of the
spatial deformation of the foundation subjected to dynamic
actions.

In order to identify the speed at which the annoying vibrations
occur, the speed of the printing press was progressively
increased, as follows: 5 KIPH, 10 KIPH, 20 KIPH, 30 KIPH,
40 KIPH and 55 KIPH. Tests with the press running showed
very low vibration amplitude up to a speed of 30 KIPH, which
then increased in a significant manner (not at 40 KIPH, as the
owner had initially mentioned).

The Fourier Amplitude Spectra and the auto-correlation
functions emphasized the frequency content of the recorded
motions, as well as the increase of the dominant compounds.
This led to an accurate identification of the natural frequencies
of the mat foundation, the speed at which the amplitudes of
motion start to increase and the maximum displacement values
at the top of the mat foundation and on the floor of the
industrial building.

For this application, the typical transducer locations are
presented in Fig. 3. Consequently, several configurations for
the positioning the pick-ups on the printing press mat
foundation, and on the floor in the vicinity, were adopted. In

Typical time domain velocities/displacements and the
corresponding amplitude Fourier spectra are shown in Fig.
4÷Fig. 24.
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Fig. 4. Ambient vibration data acquisition.
Time domain; transversal direction; velocities.

Fig. 7. Ambient vibration data acquisition.
Amplitude Fourier spectra; longitudinal direction; displacements.

Fig. 5. Ambient vibration data acquisition.
Amplitude Fourier spectra; transversal direction; velocities.

Fig. 8. Ambient vibration data acquisition.
Time domain; vertical direction; velocities.

Fig. 6. Ambient vibration data acquisition.
Time domain; longitudinal direction; displacements.

Fig. 9. Ambient vibration data acquisition.
Amplitude Fourier spectra; vertical direction; velocities.
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Sensor 3

40 KIPH

Sensor 10

Fig. 10. Printing press operating from 5 to 55 KIPH.
Time domain; transversal direction; velocities.

Fig. 13. Printing press operating at 40 KIPH.
Time domain; transversal direction; velocities.

Sensor 1

40 KIPH

Sensor 8

Fig. 11. Printing press operating from 5 to 55 KIPH.
Amplitude Fourier spectra; transversal direction; velocities.

Fig. 14. Printing press operating at 40 KIPH.
Time domain; transversal direction; velocities.

Sensor 2

Sensor 4

30 KIPH

Sensor 11

Fig. 12. Printing press operating at 30 KIPH.
Time domain; transversal direction; velocities.
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55 KIPH

Sensor 9

Fig. 15. Printing press operating at 55 KIPH.
Time domain; transversal direction; velocities.
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Sensor 3
40 KIPH

55 KIPH

Fig. 16. Printing press operating at 55 KIPH.
Time domain; transversal direction; velocities.

Fig. 19. Printing press operating at 40 KIPH.
Time domain; longitudinal direction; velocities.

55 KIPH

Fig. 17. Printing press operating from 5 to 55 KIPH.
Time domain; longitudinal direction; velocities.

Fig. 20. Printing press operating at 55 KIPH.
Time domain; longitudinal direction; velocities.

Fig. 18. Printing press operating from 5 to 55 KIPH.
Amplitude Fourier spectra; longitudinal direction; velocities.

Fig. 20. Printing press operating at 55 KIPH.
Amplitude Fourier spectra; longitudinal direction; velocities.
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Fig. 21. Printing press operating from 5 to 55 KIPH.
Time domain; vertical direction; velocities.

Fig. 24. Printing press operating at 55 KIPH. Sensors location on
the mat foundation and on the floor of the industrial building.
Maximum displacement values; vertical direction.
After performing the entire program of instrumental
investigations a set of useful information was obtained. In
Tables 1 and 2 are summarized the obtained values in the case
of the ambient vibration recordings and during the operation
of the printing press starting, with 5 KIPH up to 55 KIPH, for
all the considered directions.
FINAL REMARKS
1.

Fig. 22. Printing press operating from 5 to 55 KIPH.
Amplitude Fourier spectra; vertical direction; velocities.
2.

3.

4.

Fig. 23. Ambient vibration data acquisition. Sensors location on the
mat foundation. Maximum displacement values; vertical direction.
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There are still many situations when the design of a
machine foundation is not adequately accomplished, for
static and dynamic loads. As a consequence, most
foundation dynamic problems arise “after the fact”, when
they are more difficult to correct. Almost always when an
ensemble “machine–foundation” doesn’t work at proper
parameters specified by the supplier of the equipment, the
foundation itself is blamed.
In the present case study, upon a detailed instrumental
investigation and evaluation, it was found out that the
design of the printing press itself was the source of the
occurred vibrations. The vibrations caused by the printing
press operation are due to some of the components of the
printing press, which at high speeds generate unbalanced
dynamic forces.
The supplier of the second hand printing press did not
mention to the publisher the existing possibility that
unbalanced dynamic forces be generated during operation,
and the latter did not communicate to the designer of the
foundation this information.
During the operation at high speeds, transverse vibrations
of the printing pressline have been observed and have
alleged difficulties for the press owner. The press
manufacturer claimed that there were no unbalanced
forces associated with his equipment. No specific criteria
exist for tolerable vibrations for these printing presses,
except that the paper must pass through the press without
tearing, and excess bearing wear must be avoided.
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Table 1

Table 2
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5.

The cause of these transversal vibrations was identified by
professor Richard Woods (Woods, 1987) upon detailed
questioning of the manufacturer’s representatives. It was
learned that in the case of “ROTOMAN” printing presses,
during operation, the ink is distributed to the printing
plates by rollers which rotate about an axis transverse to
the longitudinal direction of the press. Some of these
rollers distribute the ink to the printing plates from a fixed
position and the rest of the rollers slide along their axes in
the transverse direction to distribute ink uniformly on the
plates (Fig.25). There are at least three such rollers for
ink distribution associated with each group of printing, or
half-deck, and each of these rollers weight on the order of
92 kg (1.1 kN).

6.

7.

inkers) for this type of printing press, by instrumental
investigations were: 2.22Hz; 2.25Hz; 2.64Hz and 2.95Hz.
The evidence was clear that the ink distributing rollers
generate a transverse excitation which is dependent on the
speed of the printing press. As the oscillating transverse
frequency of the ink rollers resulted very close to the
eigenfrequency of the first swaying mode of the ensemble
“printing press – foundation” (2.62 Hz), which resulted
after performing the R.N.C.E.E.V. instrumental investigation
program, the vibrations on the transversal direction
became excessive. As a final conclusion, the main cause
of the excessive vibrations that were generated during the
printing process must be localized in the performance of
the ink rollers.
This paper wishes to present a real vibration situation
occurred in a very particular area of interest. For the
authors, the paper of professor Richard Woods was most
helpful and we are much obliged. We hope that our
experience will be useful for other practitioners
worldwide and will encourage engineers to present their
case histories encountered during their activity.

INTERVENTION SOLUTIONS
1.

Fig. 25. Graphic representation of the inking drums
In the case of the “ROTOMAN” printing press, whose
vibrations are analyzed in the present paper, there are six
rollers: three for printing on the top side of the paper and
three for printing on the bottom side. “The rollers spin on
their axes at a speed which is associated with the speed of
the paper through the press. Their lateral stroke along
their axes is adjustable up to 30 mm and is also geared to
the speed of the press. The six rollers can be geared so
that they produce a minimum unbalanced force but
cannot be perfectly balanced. The sliding speed of these
inking rollers was measured on many such printing
presses and it became obvious that the swaying frequency
was exactly the frequency of these inking rollers. As the
transverse sliding frequency of these rollers approach the
first mode frequency of the press structure, the swaying
vibration increased” (Wood, 1987).
In his paper “Sideway in offset printing presses”,
professor Richard Woods makes a comparison between
the transverse frequency of the inking rollers at a given
press speed (in KIPH) and the first mode frequency of the
press. The ratio of the frequency of the ink roller to the
first bending mode of the press structure is also shown in
the mentioned paper. The obtained frequencies (for the
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2.
3.

4.

The first proposed solution for the vibration problem was
to change the inking rollers gears so that the rollers
wouldn’t reach a frequency ratio greater than 0.60
(frequency of inkers/frequency of the first eigenmode).
This should correct the problem for the existing facility.
The existing situation was created by a state of corrosion
on the inside of the cylinders, as well as a non-uniform
wear of the plastic layer from their exterior. Definitely,
this fact contributes to the amplifying of the dynamic
unbalance during working hours.
The second measure, if the first one may be too expensive,
is to restrict the speed of the press to less than 40 KIPH.
The third measure which can be taken into account is to
clean the foundation’s existing rigid insulator material so
that an adequate protection screen should be realized
between the press foundation and the floor of the
industrial building. It is also recommended to insert a
plate of expanded polystyrene on the entire protection
screen depth.
The intensity of the vibrations that occur on the horizontal
direction is not so dangerous for the building’s structural
system. However, the vibrations that occur on the vertical
direction to which the maximum displacements
correspond to, can lead in time to fatigue phenomena or
can even influence the working parameters of other
equipment in the precinct.

CONCLUSION
This case study showed that this type of printing press, during
its lifetime, may develop unbalanced forces if only of
relatively small magnitude, even though the manufacturer
wouldn’t recognize their existence. At so high operating
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speeds a small unbalanced force can cause undesirable
vibrations, as it was the case presented in this paper.
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